UNCLASSIFIED 


AD-152  786 

CLASSIFICATION  CHANGES 

TO  UNCLASSIFIED 

FROM  CONFIDENTIAL 


THIS  PAGE  IS  UNCLASSIFIED 


AD  NUMBER 

AD-152  786 


NEW  LIMITATION  CHANGE 

TO 

DISTRIBUTION  STATEMENT:  A 

Approved  for  pviblic  release;  Distribution  Unlimited, 

LIMITATION  CODE:  1 

FROM  No  Prior  DoD  Distr  Scty  St’mt  Assgn'd 

AUTHORITY 

DoDD  5200.20;  Oct  25,  1999 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


I)  /5J. 


CLASSIFICATICN  CHANGED 

TO:  UNCLASSIFIED, 
FROM:  CONFIDENTIAL 

AUTHORITY:  ^ ZN 

Ho  Ui>f-3~l 

Dfils  ^efft  . -  - 


UNCLASSIFIED 


THfS  REPORT  HAS  BEEN  P^Llfll TED 

and  cleared  for  PU3LIC 


UNDER  DOD  DIRECTIVE 

NO  RE5TRI CTJONS  IH^OSED  UfON 

ITS  USE  AND  DI  SCt^SURE^ 


FA 


approved  for  public  RELBASEj 

DISTRIBUTION  UNLIMITED. 


!'  It  i  '■  P  n  -yi' ■  « Wrf-  ''i5-  ■  P  ' 

;'P’:  "■  -iJ-  *.  -''ll- V-r  ‘  >5®;'  ^ i 


SfCTTS;  iSt*a  goirarrsaeat  or  cfeiusr  dra’ylssa,  sp«cl- 
ficsatioas  or  otiar  d&t*  i\T9  us«d  for  Kr.y 
orther  ttei  ljft  cotasactioa  xltt  a  daflaitaly  relate 
goT«ras»at  procori^mat  oparatlcs,  U.  S. 
OcranssiHrt  tfceraby  iaoiif*  bo  raapasalbility,  mv  aoy 
obllga‘';i©Q  vteAtsoarrerj  aad  tb#  fact  that  tha  GO'iam- 
wat  say  hay«  forault^ad^  inurBiohed,  or  In  aoy  vay 
supplied  ,th«  said  drswlnsc,  speciflcaticns,  or  other 
data'  la  not  to  'be  rsiardad  by  Implication  or’  other- 
rrlM  as  in  any  ausner  licensing  the  bolder  or  any 
other  person  or  coipoimtloo,  or  conreylng  any  rl^Jits 
or  peralseim  to  aanufacture,  use  or  sell  any 
-  patented  larentlon  that  aay  in  any  wy  he  related 
thereto. 


MiiiW'rtVfailiTiii 


fwi 


"rt 


i!  ll%J  W  H 

•j  >  ■v'j  N  /  f>-  - 


\ 

V  4 

M 


Reproduced  From 
Best  Available  Copy 


JJcpracluced  by 

DOC  y  fji E  T  s  £  f]  V I  cTeinTf H 

Ki^OTT  B'JILDiMe,  OAVTON,  2,  OillO 


"O'  dociiment  l3  the  property  of  the  United  Stetea  Covernment.  It  is  furnished  for  the  du- 

•2  ***'  contract  and  shiUl  be  returned  when  no  longer  required,  or  upon  recall  by  ASTL^ 

followinf  address:  Arracd  Scrvlcos  Technical  Information  Agoncy, 
^;^0Cn!a9nt  S«r7}.co  Center^  a !Piiiti!yiuJa^3ia<‘WMe!!f^^  . 


HKCJLUiici  ih^U  Uf'fcRATJOM  THS  U.  S.  Ct; V F  TI!cRuGV  U'/CO'R 
RFfipOMSiBIl'TV  NGR  At^V  OBlIGhTlC!!  VVll ATSOevtn'  AMD  THE*  F/iCt  THAT  THE 
VERNMHMT  MAi  HAVE  ?Of^MULATr.IX  FU^ilISHErA  OH  IW  ANY  WAY  SUPPI^IEHTHH 
D  DHAWJHG5,SPFC1FICATI0N5,  OP,  OTHER  DATA  K  NOT  TO  GE  REGAf?DED  fiy 
^LtCAllON  OH  OTHERV/ISS  A5  ANY  MANNER  l.*CFWSINO  THE  HOLDER  GR  ANV  OTH^il 
KSOH  OH  COK’PGRAtICN  Ck?.  CONVuVING  AMY  filGHTS  OR  PERMI^ICN  TD  MaNUFACT  UP? 
5  OR  &i:il  AMY  PAT  E  Mt  ED  iNyEflTlOr:  THAT  MAV  IN  ANY  WAY  flE  QcLAtfcO 


73 


\ 


'S 

\  * 


t  / 


f{  £  P  O  R  T 

by 

OIUOSTATF  UNIVERSITY  RESEARCH  FOUNDAflCN 
COI.UMRUS  10,  O  lio 


;S 


C:ioo»*rator . .  Air  Reaearch  and  1'^ velopment  Command 

Wright  Air  Development  Center 
Wright-Patterion  Air  Force  Bate,  Ohio 

Contract . AF  33{616)-Z54C> 

Tatk  Number! . 40540,  40542,  40543,  40545,  awd  50537 

Inveatigation  of . Technique*  for  Meaturernent  of  Radar 

Reflection  Characteriatict  of  Aircraft 
. . - - - - -  - -  - - ard  Mittilet 

Subject  of  Report  .  .  ,  ,  . . The  Echoing  Area  of  Antennaa 

Submitted  by .  Edwar'!  M.  Kennaugh 

Antir. -a  Labor&viry 
Department  of  Electrical  Engineering 

Date . . . . . 20  December  1957 


nf  e«M«aHa  twtbf  ttwi  vHMtInf  •!  ih*  (Initwl  $♦>*— 

m’.t.:.,  M  :m  C«al«Maa  Lc»«,  TlH*  1|,  U,l,c.,  TV)  *"4  r>i.  In 

•ranaail ••  tn  ravaUWat*  at  rantantain  anf  atannar  la  an  Hni.«di^t«a4  |>araa<*ila 
arahlblla4  by  law. 


THE  ECHOING  AREA  OF  ANTENNAS 


ABSTRACT 

Various  factors  which  affect  the  echo  areas  of  parasitic  antennas 
are  discussed.  The  change  in  echo  signal  produced  by  load  variations 
is  derived.  Several  applications  of  parasitic  antennas  for  echo  modu<' 
lation  are  suggested. 


R.  INTRODUCTION 

The  general  requirements  for  a  pssaive  echO'enlidsncement  de<ric« 
are;  (1)  it  must  intercept  a  large  amount  of  energy  from  an  incident  radar 
wave,  and  {2)  it  must  reradiate  this  energy  directivaly  toward  the  re¬ 
ceiving  antenna.  It  is  clear  that  antennas  are  a  clasa  of  device*  which  —  : 
meet  these  requirements,  although  antennas  as  such  are  not  commonly 
used  for  echo  enhancement.  The  most  familiar  passive  devices  for  echo 
enhancement  are  various  forms  of  eoriser  reflectors  and  more  recently, 
the  Luneberg  lens  with  reflector.  Both  may  be  classified  as  optical 
devices  whose  principle  of  operation  depends  upon  fairly  obvious  optical 
effects.  In  contrast,  there  is  a  wealth  of  eaiating  information  on  various 
types  of  ar.te*'nas  to  conform  to  almost  any  surface,  and  on  the  design  of 
these  to  obtsin  r  tdiation  patterns  of  specified  shape,  but  the  application 
of  these  }  ;ir.cip''es  to  echo  enhancement  has  yet  to  be  made. 

In  contrast  to  normal  antenna  applications,  to  give  a  high  radar 
return  an  antenna  should  be  mismatched  at  the  input  terminals,  with  a 
non-absorbing  load.  Under  the«e  conditions,  the  energy  extracted  from 
the  incident  wave  re -excites  the  antenna  as  a  radiator,  and  a  large  back- 
scatter.'d  signal  is  obtained.  We  should  expect  the  back-scattered  signal 
to  vsry  with  the  antenna  oHantatioo  as  the  cquare  of  the  radiation  pattern, 
but  this  is  true  only  If  no  other  sources  of  back-scattered  signal  exist  on 
the  antenr>a  structure.  To  scfsarate  the  contribv»ti''">  due  to  the  amenna 
mode,  the  load  at  the  antenna  terminals  may  be  varied  and  the  cerre* 

■  ponding  change  in  the  hack-scattered  signal  noted.  This  method  hae 
nren  suggested  as  a  means  of  measuring  aircraft  antenna  patterns  by  a 
model  fechnique.  *  •  * 
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The  modulRtioa  o?  an  ai*;:  -,  by  t'.v^s-s  means  sui^^sst?  several 

new  application*  of  aatenn?.^  &:.  'ic^^Uersra.  The  daleterie^iS  sffecta  of 
ampUtv.da  and  aafular  scintiH-:.  -  -n  or*  hijh-re solntion  firo-control  radar 
tyttema  are  wall -kno'sfts-  Thei,  •  .ju’sf,  la  arise  from  f lu c turn U oca  in 
ampU^ada  and  jjhaaa  of  aifr^ais  r'  :l«j;vad  Irs-m  varioy.3  parts  of  a  target. 
Fortunately,  the  apectral  b'sed-nsid.-h  ct  such  fiucaja'tion*  from  most 
targets  is  limitad,  and  tbssa  sac  ia  raducad  by  prop*!??  fittsriKg.  Ho’w- 
ever,  similar  fluctuatiwcs  may  ba  -/-duc-sd  by  U3*5  si'  a  pair  of  antenaat 
mounted  on  th*  targat.  By  rccd^-Lfii^a  of  the  terminal  impedance, 
amplitude  and  aafular  scictinalisa  nsa/  La  ptoducsd  'with  any  daaired 
spectrum,  with  obrious  «l3c*.rosdc  cossslsrasaa'scraa  appSi  cations  a. 

Another  reason  for  Imparting  modulalioa  to  sa  scho  sijtisl  is  to  identify 
targets  by  entirely  passive  la  this  conasetisn,  the  antenna  sarvias 

as  a  paseive  repeater,  and  a  one>way  secure  tranami^sicn  of  information 
from  target  to  radar  is  obiaia^sd  t^ith  a  mitiimstsi  of  equipment 

in  the  target, 

-■C.-  THE  DETERAHNATIOH  OF  AJfTSJfKA  ECHOlKa  AR^”"  "  '".T''' . . 

If  an  antenna  is  iUnmiaated  by  a  plane  elec trotoagso tic  wave, 
there  may  bo  more  than  one  sonrci  of  scotoirit^  and  diffraction.  There 
may  bo  (t)  rofloetione  from  the  -tapponisg  etractnro  of  tho  antenna,  (2) 
reflectione  dno  to  varlono  antenna  modes  which  are  eot  by  tho  incident 
wave  but  are  act  MrmcUy  excited  from  tho  aatassa  terminals,  an.d  Oi 
scattoriag  dno  to  oncitadon  and  roradiation  of  tho  aermst  antetvna  mode. 
For  onamplo,  in  sesttoring  by  a  moaopolo  above  a  grtmtad  plana,  large 
reflaetiona  will  occur  from  tho  gre^nd  plane  itself,  illustrating  effect  f . 

In  eeatteriag  bye  sectors!  hors,  rnflectioae  will  occur  duo  to  higher 
order  modes  sst  up  in  tho  bom  which  ere  not  couplrd  to  tho  antesaa 
terminals;  which  illustratos  effect  2.  Jn  aaeb  caoo,  there  will  also  be 
scstterfag  due  to  ^  excitatioa  of  the  baste  aattnaa  mode,  providing 
the  incident  wave  has  the  proper  direction  and  fr««|u8ncy. 

To  identify  the  scattering  due  to  the  antenna  mods,  it  is  convenient 
to  sfmry  the  antenna  tvrminction.  The  effect  of  thie  impedance  change  can 
b4.>  deecrlbed  by  uae  of  an  equivalent  generator  at  the  antenna  terminate, 
as  c.itsd  by  tbs  Compensation  Theorem.  Referring  to  Fig,  I,  the 
trtrnnala  of  transmitting  (and  receiving)  antenna  and  pe/asitic  scattering 
^  ctenna  are  indicated  scbematieaUy  as  terminal  pairs  1  and  2  of  a  4> 
erminal  network.  Tha  interpsssinf  medium,  which  la  assumed  linear 
and  uiUteral,  can  be  replaced  by  the  ganerat  network.  If  the  transmitting 
antennn  it  energised  with  a  generator  as  shown,  and  the  impedance  of  the 
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{«)  4>t«rmi2iai  «quiv&i«Qi  of  AsUzma  scattAriaf. 


Fig.  I.  Eqgivalont  circuit*  us«d  to  .•oi>r«5«fl't  antinna  liAckscRtterinj. 

]^r«8itic  ant«tiaa  tsrmioasioa  i«  vsiiati  from  to  a  ahort  cixcait  by 
tha  clc^iz^  of  auriteb  S,  thr  ebanfa  ia  aolta^a  or  carraat  prodiaced 
at  tarmiaat  pair  1  ia  tha  aama  aa  that  producad  by  a  faaarator  of 
tarminai  voltsf a  Vj^  placad  at  tartalrsl  psiir  Z,  all  o^ar  geaoratora 
baiaf  raplacad  by  their  iatamat  impodaacas. 

It  ia  ahowa  ia  tbe  Appandix  that  tha  maximum  chaaga  ia  racaivad 
currant  A  obtained  whoa  the  load  Lmpadaaca  Zj^  varlaa  from  open 
circuit  to  a^rt  circuit  and  tha  paraaitio  antenna  impadanea  ia  purely 
raaiatiya.  Ia  thia  caae  the  currant  varlatica  ia  the  cam*  aa  that 
produced  by  a  acattersr  with  echo  area 
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C  ia  the  power  gain  of  the  p^rjiaitic  antenna  over  an  ^•a^ropi^ 
railiais?,  in  tha  given  direction. 

The  eclio  sigaai  amplit^do  lij  {E} )  ia  th4  reault&nt  oi  the 
vaar/iug  component  Sg^  i^Sji  d’-i®  to  th.!!  lead  impedance  and 

a  fissd  cssaspoaeat  ariaiiif  from  acattering  by  tho  antenna  cup- 
pert  and  ki|bo7  ordar  modaa.  Desponding  uptm  th«  relative  phase  a 
of  thasa  eigsals,  &9  echo  signal  ampUihsde  may  fluctuate  as 'given 
in  Eq.  (^)  or  by  smaller  amounts.  Fifvre  2  illustrates  this  effect 
for  eeveral.  dilforont  |^a«o  and  amplihidea  of  the  signal  compoaenss 


-  (a)  Fhaeo  toodoiatiatt  d _ Ah)  Phaao  aa4  ampUtuda  .  . 

total  aigmal.  eaodalati^  of  total  aigaal. 


Fig.  2.  Effect  of  relative  ghsae  of  olgr.el  coMponarts 
OR  total  baeti  scattered  signal. 

D.  MULTlblODS  ANTENNAS  AS  SCATTRRCBS 

If  m  paraaitlc  aatanos  ia  capaMa  of  suj^ortiug  savarat  differant 
modaa,  aach  arith  ite  9xm  eharactarlstic  radlatilott  pattara*  then  tha 
backaeattariiig  from  tocli  an  anteaaa  will  ba  appraclabla  over  antenna 
oriantatioaa  whara  aithar  mode  may  ba  indnead.  This  affect  may  be 
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t»ie^  to  broJtJftti  tbs  ccba  rtapanse  of  a  parasitic  autstssa.  twoaS 
dUtlnguiah  between  ir-uUbniwic  eperatlcia  and  ihst  ef  a  etsigl*  taiaao* 
modot  alare  a  jwultiavoda  aateaea  dc«*)  really  Uavo  aa  aidqae  pair 
of  tarminata,  but  rather  as  many  terminal  pairs  as  there  an  aateaaa 
anodat.  To  Illustrate  this  effect,  rcacldar  the  simple  case  of  £«ro 
identical  antennas  coupled  to  a  elagle  pair  of  terminals,  %a  in  Fif.  3. 


Aflleans 


Totijilns!* 


f«9.  3.  Coupled  antennas  with  vsrlahie  te'wroai  ’location. 

Depending  upon  the  poeition  of  tos  fermioal  pair  aloos  tb*  eouplIn|r  ... 
Una  in  tba  x-direetion,  the  relative  phaac  of  tbe  excitation  of  each 
antenna  will  eary  and  by  varying  tbw  location  of  the  tarrrinala,  wo 
can  adjuet  the  radiation  pattern  of  the  pair  to  be  four  timee  as  slrotuj 
aa  tb^t  ef  a  aingto  antenna  In  a  given  direction,  although  the  poeitioa 
of  ti«e  terminate  mnet  be  attered'whenever  the  direction  of  maximum 
reinforcement  la  ctanged.  If  we  open -circuit  the  antenna  terminate 
and  illuminate  the  coupled  antennae  with  a  pisne  wave  from  the  broad'- 
aide  direction^  It  la  found  that  Ihe  hackee  at  taring  will  be  four  time* 
that  from  m  single  antenna,  rince  both  antennae  will  rerad'atu  la 
phase  la  this  direction.  It  is  aeeomcd  that  all  of  the  signal  istercepled 
by  one  antenna  is  transferred  without  reflection  or  lost  to  the  other, 
over  tbs  ceopling  line,  htereover,  it  is  also  readily  seen  th^.t  the 
hack's cat*S red  signal  is  four  times  that  for  a  single  antenna  for  any 
direction  ef  the  incident  -wave,  and  for  th*  eume  ressona.  If*  can 
oi^lala  this  by  considering  this  antenna  as  a  multimode  etructurp, 
erith  virtaat  «>pea-eircaltsd  terminate  anywhere  atoog  the  inter> 
aocxMCting  liao.  .The  incident  weve  then  excitee  one  such  mode  and 
it  la  reflected  at  the  cerrespoodKig  open  circuit  terzr.inatice  to  yield 
snaximuni  backecatterlsg  io  every  caesu 
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Cxten«ion  of  this  principle  to  errapt  lue  b«#«  eecjeetel  - 

ky  V»o  Atu,  Cxamptei  of  e  liaeer  *»d  cireolar  «rrxy  *i«  eliows  la 
l^if*  A.  These  contiet  of  arrays  cf  N  identical  aateraaa  coopled  is 
pairs  by  transRii.isioa  lines  of  equal  length.  The  ecboai^sa  of  sscb 
an  array  is  N*  times  that  for  a  single  astentaa.  mri  the  bacbscatieriag 
pattern  is  Just  the  square  of  the  radiation  pattern  for  a  sitifle  nember 
of  the  array.  It  ir  assmtied  that  all  reflections  and  loss  in  the  eaaptiaqt 
lines  are  elimlaated«  and  that  reflections  from  tbe  supporting  stmchame 
can  be  ignored.  .  /  , 


•  dentUct 
^Aatc^ec^ 


U)  LINEAR  ARRAY 


,Cqse1  Leagth  ’ 
Cserflao  Uses 


fbl.aRi 


3t  ANNA^' 


FiS«  4.  -  Wultlaode  aetenoe  arrays  Itor  tack  acatto'isg. 

S.  AP72,1CATIQN5  or  ECHO  MODOLATION  BT  ANTfaOUS 

1.  Scintillatioh-Preducing  Devicee  for  Electronic 
•  .  Countermeasures 


The  sclntmation  of  a  target  adversely  affects  tbe  pesAsvmaace  af 
Mgb-ra solution  fire  control  radars.  This  scintillation  surieMi  ftnaa 
isterfersncs  betwssn  raflsctions  distributed  aver  tbs  targsR  snrie«a> 
Tbs  spsctmtn  of  such  fluctuations  in  UmUed  by  tbs  target  dynamica  to 
sniatirsly  low  frequencies*  and  this  property  may  be  need  in  enemy 
fire  control  radars  to  eUtninats  the  snore  ecriaus  sf/aets  of  ecinfil- 
lation  by  filtering.  .However*  by  mounting  one  sr  snore  pstnsilic 
antennae  on  the  target  and  tnodnlaUng  flte  return  from  these  at  a  ssty 
rata*  scintillation  nofss  can  bs  produced  with  any  douAruA 
apectrum*  aeud  this  should  prove  nsefnl  as  n  passlvs  elsctronie 
esanrermeasnso. 
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A  aiTspl*  M^Bi4  of  i^atifyisj  ▼arien*  aircraft  tarjata  ia  n««(!«:dL, 
particularly  for  amalt  privata  aircraft.  By  aaa  of  charactariatic  acbo 
caodBlatioa  fra^^eaciaa,  ebtaiaeil  with  paraaltic  actaanaa  raouBt»<i  o« 
tHa  aircraft^  a  olm^!a  le<a-coat  maaa*'  of  ideatincaiica  1*  pcsaa-ihl*.  ‘Tfclo 
will  requlra  a  ndgjmarn  of  aquipma&l  la  tSt«  aircraft,  an<]  permit  Idaati- 
ncatlaa  at  will  hf  grouod  radar, 

•  3,  Sacore  Commanlcatioa  Ua^  -.  .  ■  .  .  . 

Sloca  it  ia  poaaible  te  transfer  information  via  the  rnodalatioa  ef 
a  paraottlc  antenna  with  a  minlmom  of  e<)uipm«nt  and  weight,  and  over 
a  directive  beam  between  the  interrogator  and  target  with  little  cbanco 
of  istcrccptlm,  this  tacbaaque  migat  be  neeini  tor  transfer  of  info- 
laatlon  from  a  satellite  vebicle.  Interrogation  coutd  be  made  when  Am  • 
vehicle  ia  near  a  fri.aad  radar  station,  and  a  mlaimtiin  ef  eipiipment 
and  apace  would  be  re<iuired  in  the  satellite. 
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APPENDIX 


Aaaume  a  g«ner«il  diiposition  of  tranamit-receive  antenn*  and 
paraaitic  acattcring  antenna.  W**  ahall  aaaume  that  the  polarization 
of  tranamit>receiv9  antenna  and  the  acattering  antenna  are  identical, 
to  that  the  tranafer  of  energy  between  theae  may  be  deacribed  uaing 
acalar  antenna  heighta  .  Now  define 

h^  Tranamittiag  antenna  height  in  direction  of  acatterer 
Bp  parasitic  antenna  height  in  direction  of  transmitter 
R  Range  of  serration  (assomsd  targe) 

X  Wavelength  of  radiation 

Fr*'* -space  characteristic  impedancs 
1^  Traasnilttia^  antenna  cnrrent  dna  to  geuarator. 

1^0  fa>r  field  intaneity  at  the  paraeitic  antanaa  producad  by  the  trane* 
mitting  antenna  ia*  hy  definition  of  the  antenna  height, 

...  _i  Zak  In 

(1)  »  ■  - ■  ■  .  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^ 

The  indneed  open  eirenit  voltage  In  the  pnrnaitic  antennn  ie  then 
(2)  Voc  «  fcpK**  a 

The  voltage  Indncod  neroct  a  load  Z«  at  the  pnrnaitic  antenaa  tarminata 
le  thea 

'S'. 

•  'Xz^tziV  **•  —  ' 

where  Zpia  the  inpnt  Impedance  of  the  parasitic  antaana  seen  from  its 
tariminais.' 

By  the  CompeaeatiwM  Theorem,  tne  change  In  voltage  or  current 
produced  by  cheaging  the  toad  impedance  of  the  parasitic  anienna  from 


UNCLASSIFIElj 


Zj^  lo  0  is  th«  asms  would  b«  firodueed  by  »  gcnenktor  of  terminal 
voltage  Vl  placed  at  tb#  parasitic  amseeia  te/ftninais,  all  other 
generators  baitif  ra^acsdl  by  their  iaiernal  impedances.  Thus,  the 
equivalent  current  ia  the  parasitic  antenna  would  be 


(*)  Alp 


•JCjl. 


The  laeremeatal  ebat^a  ia  the  Aald  intensity  at  the  transmit-receiva 
aciteana  is 


(5)  AX* 


.jfc» 


Tb«  eorraspoadittf  iaerasstonUt  indacad  opaa-clrcalt  woltaga  is 


A  vJJ  -  A  *■  in 


.-Jkii 


2  X  It 


and  tha  iacraaaantat  earrent  flow  la  the  traBtmlt>r«eaivo  antsnaa  is 


m  Ala 


-5a- 

Zt  _  i  i  H 


.JkR 


Whsrc  Z|  is  the  earn  of  the  transi»it>receiveantSBsaimpedaace  and  Us 
load  impedaare  as  a  receiver. 

Combiaiag  C(|e.  1  through  7,  the  expreeeion  for  the  change  in 
ra cat ver  current  ie 

(8)  AJjL  a  — — 5l-5l< - -2JkR 

'  '  *t  Zp2t(%^ZL)  Tv»fi* 


The  correepoadiag  iacrement  in  receiver  current  caused  by  the 
addition  of  a  acattarer  at  the  range  n»  with  echo  area  e.  Is 


SSI  F!  ED 


«^utVc!rnt  echo  area  ia 


l«5) 


7|  Re(ZD)  f  G*  \* 

^p(Zp+ZL)J  * 


We  c  a  ilmv'ify  the  expreacion  iovolvinf  th-  impedantj  inco 


whe^e  r  it  the  /otUge  reflectioa  coefficient  of  the  load  impedapee  ■ 
Thit  irnpllee 

(17)  »eq  -  (P.  F.  )*  ll^rf 

where  P,F.  denote#  the  power  factor  of  the  pereaitlc  antenna  Ijnpeiaote. 
The  maximum  c  ange  in  eigoal  it  obuined  when  the  power  factor  of  the 
p«iratitic  antenna  impedance  it  unity,  and  when  the  antenna  terminal t  are 
alternately  open  end  abort -circuUed.  In  thit  cate,  the  equivalent  echo 
area  la 

C  '■ 

(18)  'eq  -  - 
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